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(57) ABSTRACT

An axial-type hydraulic pump/motor 1n which a cylinder
block with a plurality of cylinder bores formed around a
rotation axis slides with respect to a valve plate that has a
valve plate discharge port and a valve plate suction port, and
controls the amount of reciprocation of a piston in each

cylinder bore depending on the inclination of a swash plate.
Based on the rotational direction of the cylinder block, an

opening shape of an end portion on the front side in the

rotational direction of a cylinder port and an opeming shape
of an end portion on the rear side 1n the rotational direction

of the valve plate suction port PB1 have the same shape or
partially have the same shape.
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1
HYDRAULIC PUMP/MOTOR

FIELD

The present invention relates to an axial-type hydraulic
pump/motor (hydraulic pump or hydraulic motor) 1n which
a cylinder block with a plurality of cylinder bores formed
around a rotation axis slides with respect to a valve plate that
has a high-pressure port and a low-pressure port, and con-
trols the amount of reciprocation of a piston 1n each of the
cylinder bores depending on the inclination of a swash plate.
In particular, the present invention relates to a hydraulic
pump/motor that can suppress a reduction 1n suction capac-
ity while rotation assistance capability due to a residual
pressure inside a cylinder bore 1s increased when shifting
from a discharging process (high-pressure process) to a
suction process (low-pressure process).

BACKGROUND

Conventionally, in many cases, an axial-type hydraulic
piston pump driven by an engine, and an axial-type hydrau-
lic piston motor driven by a high-pressure working o1l are
used 1n construction machines, for example.

For example, the axial-type hydraulic piston pump
includes a cylinder block, a plurality of pistons, and a valve
plate. The cylinder block 1s provided so as to rotate inte-
grally with a rotation shaift rotatably provided inside a case
and 1s formed with a plurality of cylinders that are circum-
terentially apart from each other and extend axially. Each of
the pistons 1s slidably fitted into the corresponding cylinder
of the cylinder block, and sucks/discharges a working o1l by
moving axially in accordance with the rotation of the
cylinder block. The valve plate 1s provided between the case
and an end surface of the cylinder block, and 1s formed with
a suction port and a discharge port that communicate with
cach of the cylinders. In the hydraulic piston pump, when a
drive shait 1s driven to rotate, the cylinder block, together
with a working shait, rotates inside the case, and each of the
pistons reciprocates in the corresponding cylinder of the
cylinder block. The working o1l sucked into the cylinders
from the suction port 1s pressurized by the pistons, and 1s
discharged from the discharge port as a high-pressure work-
ing oil.

When the cylinder port of each cylinder communicates
with the suction port of the valve plate, a suction process 1s
performed. In the suction process, the pistons move between
the start edge and the end edge of the suction port in a
direction projecting from the cylinders, and suck the work-
ing oil into the cylinder from the suction port. When the
cylinder port of each cylinder communicates with the dis-
charge port, on the other hand, a discharging process 1is
performed. In the discharging process, the pistons move
between the start edge and the end edge of the discharge port
in a direction entering into the cylinders, and discharge the
working o1l mnside the cylinders 1nto the discharge port. By
rotating the cylinder block so as to repeat the suction process
and the discharging process, the working o1l sucked into the
cylinders from the suction port during the suction process 1s
pressurized and discharged to the discharge port during the
discharging process.

CITATION LIST

Patent Literature

Patent Literature 1: Japanese Laid-open Patent Publica-
tion No. 2000-64950
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2
SUMMARY

Technical Problem

In the conventional hydraulic pump described above or
the like, the pressure 1nside the cylinders, from which the
working o1l has been discharged via the discharge port of the
valve plate during the discharging process, 1s high.

Therefore, for example, 1n Patent Literature 1, a residual
pressure extraction hole 1s provided, and causes the high-
pressure working oil inside the cylinders to return to the
suction port when shifting from the discharging process to
the suction process. As a result, a change 1n the pressure of
the working o1l from the discharging process to the suction
process becomes gentle, and causes the pressure of the
working o1l inside the cylinder and the pressure of the
working o1l inside the suction port to be the same when the
cylinder port communicates with the suction port.

However, when shifting from the discharging process to
the suction process, in a case where a residual pressure
inside the cylinder 1s high, the rotation of the cylinder block
1s assisted and thus, the rotational efliciency 1s improved.
Therefore, 1t 1s preferable that the rotation assist region,
which 1s from a top dead point to the residual pressure
extraction hole where the cylinder port communicates with,
be increased 1n length in view of the rotational torque
ciliciency. However, when the rotation assist region 1is
increased 1n length, an end portion on the side of the top
dead point of the suction port shifts toward the side of a
bottom dead point. As a result, the suction starting time at
which the cylinder port communicates with the suction port
1s delayed, and the period of the overall suction process 1s
shortened; therefore, the suction capacity in the suction
process 1s reduced.

The present mvention 1s made 1 view of the above, and
an object thereot 1s to provide a hydraulic pump/motor that
can suppress a reduction in suction capacity while rotation
assistance capability due to a residual pressure inside a
cylinder bore 1s increased when shifting from a discharging
process 1o a suction process.

Solution to Problem

To resolve the above-described problem and attain the
object, a hydraulic pump/motor according to the present
invention 1s an axial-type hydraulic pump/motor 1n which a
cylinder block with a plurality of cylinder bores formed
around a rotation axis slides with respect to a valve plate that
has a high-pressure port and a low-pressure port, and con-
trols the amount of reciprocation of a piston 1n each of the
cylinder bores depending on the inclination of a swash plate.
Further, opening shapes of the high-pressure port and the
low-pressure port extend circumierentially on the same arc
centered around the rotation axis, and are annular band
shapes that do not include a top dead point and a bottom
dead point, an opening shape of a cylinder port in each of the
cylinder bores extends circumierentially on the same arc
where the high-pressure port and the low-pressure port are
disposed, and 1s an annular band shape that does not
communicate with the high-pressure port and the low-
pressure port at least when positioned at the top dead point
and the bottom dead point, and based on the rotational
direction of the cylinder block: an opening shape of an end
portion on the front side in the rotational direction of the
cylinder port and an opening shape of an end portion on the
rear side in the rotational direction of the low-pressure port
partially have the same shape; and/or an opening shape of an
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end portion on the rear side 1n the rotational direction of the
cylinder port and an opening shape of an end portion on the
front side 1n the rotational direction of the low-pressure port

partially have the same shape.

Further, in the hydraulic pump/motor according to the
present invention, 1n the above mvention, the opening shape
of the end portion on the front side in the rotational direction
ol the cylinder port and the opening shape of the end portion
on the rear side 1n the rotational direction of the low-pressure
port have the same shape, and/or the opening shape of the
end portion on the rear side 1n the rotational direction of the
cylinder port and the opening shape of the end portion on the
front side 1n the rotational direction of the low-pressure port
have the same shape.

Further, 1n the hydraulic pump/motor according to the
present invention, 1n the above ivention, the opening shape
of the end portion on the front side in the rotational direction
of the cylinder port and an opening shape of an end portion
on the rear side in the rotational direction of the high-
pressure port partially have the same shape, and/or the
opening shape of the end portion on the rear side in the
rotational direction of the cylinder port and an opeming
shape of an end portion on the front side in the rotational
direction of the high-pressure port partially have the same
shape.

Further, 1n the hydraulic pump/motor according to the
present invention, 1n the above ivention, the opening shape
ol the end portion on the front side in the rotational direction
of the cylinder port and the opening shape of the end portion
on the rear side in the rotational direction of the high-
pressure port have the same shape, and/or the opening shape
of the end portion on the rear side 1n the rotational direction
of the cylinder port and the opening shape of the end portion
on the front side in the rotational direction of the high-
pressure port have the same shape.

Further, the hydraulic pump/motor according to the pres-
ent invention, 1n the above invention, further includes a
residual pressure release port that 1s provided on the valve
plate and communicates with the cylinder bore at the side of
the top dead point before the cylinder bore at the side of the
top dead point communicates with the low-pressure port.
Further, opening portion of the end portion on the rear side
in the rotational direction of the low-pressure port 1s sepa-
rated from the top dead point so as to communicate with an
opening portion of the end portion on the front side 1n the
rotational direction of the cylinder port after the opening
portion of the end portion on the front side in the rotational
direction of the cylinder port passes a rotation assist region
where the rotation of the cylinder block i1s assisted by a
pressure o1l 1nside the cylinder bore from a top dead point
position of the cylinder port and a residual pressure release
region where the pressure inside the cylinder bore 1s
decreased by the communication between the residual pres-
sure release port and the cylinder bore and to shift to a
suction process.

Further, in the hydraulic pump/motor according to the
present invention, 1n the above invention, at least one of an
opening portion of the end portion on the front side 1n the
rotational direction of the low-pressure port, an opening
portion of the end portion on the rear side in the rotational
direction of the high-pressure port, and an opening portion
of the end portion on the front side in the rotational direction
of the high-pressure port 1s formed at a position not com-
municating with the cylinder port only when the cylinder
port 1s positioned at the top dead point or the bottom dead
point.
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4

Further, 1in the hydraulic pump/motor according to the
present invention, in the above invention, the opening shape
of the cylinder port 1s a cocoon-like annular band shape 1n
which the end portions on the front side and the rear side 1n
the rotational direction form arcs.

Further, in the hydraulic pump/motor according to the
present invention, i the above invention, the opening
shapes of the high-pressure port and the low-pressure port
are cocoon-like annular band shapes in which the end
portions on the front side and the rear side in the rotational
directions form arcs.

Further, the hydraulic pump/motor according to the pres-
ent invention 1s an axial-type hydraulic pump/motor 1in
which a cylinder block with a plurality of cylinder bores
formed around a rotation axis slides with respect to a valve
plate that has a high-pressure port and a low-pressure port,
and controls the amount of reciprocation of a piston 1n each
of the cylinder bores depending on the inclination of a swash
plate. Further, opening shapes of the high-pressure port and
the low-pressure port extend circumierentially on the same
arc centered around the rotation axis, and are annular band
shapes that do not include a top dead point and a bottom
dead point, an opening shape of a cylinder port in each of the
cylinder bores extends circumierentially on the same arc
where the high-pressure port and the low-pressure port are
disposed, and 1s an annular band shape that does not
communicate with the high-pressure port and the low-
pressure port at least when positioned at the top dead point
and the bottom dead point, and based on the rotational
direction of the cylinder block: opening shapes of end
portions on the front side and the rear side 1n the rotational
direction of the cylinder port are circular convex shapes;
opening shapes of end portions on the front side and the rear
side 1n the rotational direction of the high-pressure port and
an opening shape of an end portion on the front side 1n the
rotational direction of the low-pressure port are circular
convex shapes; an opening shape of an end portion on the
rear side in the rotational direction of the low-pressure port
1s a circular concave shape; and the openming shape of the end
portion on the front side in the rotational direction of the
cylinder port and the opening shape of the end portion on the
rear side 1n the rotational direction of the low-pressure port
have the same shape.

Further, the hydraulic pump/motor according to the pres-
ent invention 1s an axial-type hydraulic pump/motor 1n
which a cylinder block with a plurality of cylinder bores
formed around a rotation axis slides with respect to a valve
plate that has a high-pressure port and a low-pressure port,
and controls the amount of reciprocation of a piston 1n each
of the cylinder bores depending on the inclination of a swash
plate. Further, opening shapes of the high-pressure port and
the low-pressure port extend circumierentially on the same
arc centered around the rotation axis, and are annular band
shapes that do not include a top dead point and a bottom
dead point, an opening shape of a cylinder port in each of the
cylinder bores extends circumierentially on the same arc
where the high-pressure port and the low-pressure port are
disposed, and 1s an annular band shape that does not
communicate with the high-pressure port and the low-
pressure port at least when positioned at the top dead point
and the bottom dead point, and based on the rotational
direction of the cylinder block: opening shapes of end
portions on the front side and the rear side 1in the rotational
direction of the cylinder port are circular convex shapes; an
opening shape of an end portion on the front side in the
rotational direction of the high-pressure port 1s a circular
concave shape; opening shapes of end portions on the front
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side and the rear side in the rotational direction of the
low-pressure port are circular concave shapes; the opening
shape of the end portion on the front side in the rotational
direction of the cylinder port and the opening shape of the
end portion on the rear side 1n the rotational direction of the
low-pressure port have the same shape; and the opening
shape of the end portion on the rear side in the rotational
direction of the cylinder port, the opening shape of the end
portion on the front side 1n the rotational direction of the
low-pressure port, and the opening shape of the end portion
on the front side in the rotational direction of the high-
pressure port have the same shape.

Advantageous Effects of Invention

According to the present invention, based on the rota-
tional direction of a cylinder block, an opening shape of an
end portion on the front side in the rotational direction of a

cylinder port and an opening shape of an end portion on the
rear side 1n the rotational direction of a low-pressure port
partially have the same shape, and/or an opening shape of an
end portion on the rear side 1n the rotational direction of the
cylinder port and an opening shape of an end portion on the
front side in the rotational direction of the low-pressure port
partially have the same shape. As a result, an opening area
of the low-pressure port becomes large and thus, the reduc-
tion 1n suction capacity can be suppressed while rotation
assistance capability due to a residual pressure inside a
cylinder bore 1s increased when shifting from a discharging
process 1o a suction process.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a sectional view 1llustrating a schematic con-
figuration of a hydraulic pump according to an embodiment
of the present invention.

FIG. 2 1s a line A-A cross-sectional view of the hydraulic
pump illustrated in FIG. 1.

FI1G. 3 1s a view 1llustrating a line B-B cross section of the
hydraulic pump illustrated 1n FIG. 1 and a cross section of
a working o1l tank connected to the hydraulic pump.

FIG. 4 1s a view 1llustrating a configuration of a shiding
surface of a cylinder block with respect to a valve plate when
viewed 1n the —X direction.

FIG. § 1s a view 1llustrating opening shapes of a valve
plate suction port and a valve plate discharge port of the
valve plate with respect to a cylinder port illustrated 1n FIG.
3.

FIG. 6 1s a view 1llustrating opening shapes of a valve
plate suction port and a valve plate discharge port of a valve
plate, with respect to a cylinder port, according to a first
modification of the embodiment in the present invention.

FIG. 7 1s a view 1llustrating opening shapes of a valve
plate suction port and a valve plate discharge port of a valve
plate, with respect to a cylinder port, according to a second
modification of the embodiment in the present invention.

FIG. 8 1s a view 1llustrating opening shapes of a valve
plate suction port and a valve plate discharge port of a valve
plate, with respect to a cylinder port, according to a third
modification of the embodiment in the present invention.

FIG. 9 1s a view 1llustrating opening shapes of a valve
plate suction port and a valve plate discharge port of a valve
plate, with respect to a cylinder port, according to a fourth
modification of the embodiment in the present invention.

FIG. 10 1s a view 1illustrating an example of an opening
shape of a valve plate suction port with respect to a cylinder
port according to a fifth modification of the embodiment in
the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 11 1s a view 1llustrating an example of an opening
shape of the valve plate suction port with respect to the
cylinder port according to the fifth modification of the
embodiment 1n the present invention.

DESCRIPTION OF EMBODIMENTS

In the following, a hydraulic pump/motor which 1s an
embodiment of the present invention will be described with
reference to the drawings.

Embodiment

| Entire Configuration of Hydraulic Pump]

FIG. 1 1s a sectional view illustrating a schematic con-
figuration of a hydraulic pump according to a first embodi-
ment of the present invention. FIG. 2 1s a line A-A cross-
sectional view of the hydraulic pump illustrated 1n FIG. 1.
The hydraulic pump illustrated in FIGS. 1 and 2 converts the
engine speed and the torque transmitted to a shaft 1 to
hydraulic pressure and then, discharges oi1l, sucked in from
a suction port P1, through a discharge port P2 as a high-
pressure working o1l. Furthermore, the hydraulic pump 1s a
variable displacement hydraulic pump that can vary the
discharge amount of the working o1l from the pump by
changing an inclination angle a of a swash plate 3.

Hereinafter, an axis along an axis C of the shaft 1 1s
referred to as an X-axis, an axis along an inclined central
axis which 1s a line that connects fulcrums for the swash
plate 3 to incline 1s referred to as a Z-axis, and an axis
perpendicular to the X-axis and the Z-axis 1s referred to as
a Y-axis. In addition, the direction from an end portion on an
input side of the shaft 1 to an end portion on the opposite
side 1s referred to as the X direction.

The hydraulic pump includes the shait 1, a cylinder block
6, and the swash plate 3. The shaft 1 1s rotatably and
pivotally supported by a case 2 and an end cap 8 via bearings
9a, 9b, respectively. The cylinder block 6 1s connected to the
shaft 1 via a spline structure 11, and 1s driven to rotate
integrally with the shaft 1 inside the case 2 and the end cap
8. The swash plate 3 1s provided between a side wall of the
case 2 and the cylinder block 6. The cylinder block 6 1is
provided with a plurality of piston cylinders (cylinder bores
25) disposed at equal intervals circumierentially about the
axis C of the shaft 1 and 1n parallel to the axis C of the shaft
1. A piston 5 capable of reciprocating 1n parallel to the axis
C of the shaft 1 1s inserted into each of the plurality of
cylinder bores 25.

The piston 3 that projects from each of the cylinder bores
235 has a spherical concave portion at the tip end thereof. A
spherical convex portion of a shoe 4 fits into the spherical
concave portion, and the piston 5 and the shoe 4 form a
spherical shaft bearing. The spherical concave portion of the
piston 5 1s caulked and thus, the separation from the shoe 4
1s prevented.

The swash plate 3 includes a flat sliding surface S on the
side facing the cylinder block 6. The shoe 4, 1n accordance
with the rotation of the cylinder block 6 interlocked with the
rotation of the shait 1, slides circularly or elliptically while
being pressed against the sliding surface S. A spring 15, a
movable ring 16, a needle 17, and a ring-shaped pressing
member 18 are provided around the axis C of the shaift 1.
The spring 15 1s supported by a ring 14 provided on the inner
periphery of the X direction side of the cylinder block 6. The
movable ring 16 and the needle 17 are pressed by the spring



US 10,018,174 B2

7

15. The pressing member 18 abuts on the needle 17. The
shoe 4 1s pressed against the sliding surface S by the pressing
member 18.

On the side wall of the case 2, two hemispherical shaft
bearings 20, 21 each projecting to face the side of the swash
plate 3 are provided in symmetrical positions with respect to
the axial center of the shait 1. On the side of the side wall
of the case 2 of the swash plate 3, two concave spheres are
cach formed on the portion corresponding to the positions
where the shaft bearings 20, 21 have been disposed. A shaft
bearing of the swash plate 3 1s formed when the shaft
bearings 20, 21 and two concave spheres of the swash plate
3 abut on each other. The shaft bearings 20, 21 are disposed
in the Z-axis direction.

As 1llustrated 1n FIG. 2, the swash plate 3 inclines 1n a
plane perpendicular to an X-Y plane using a line that
connects the shaft bearings 20, 21 as an axis (parallel to the
Z-axi1s). The inclination of the swash plate 3 1s determined
by a piston 10 that reciprocates while pressing one end of the
swash plate 3 along the

X direction from the side of the side wall of the case 2.
The swash plate 3 inclines, by the reciprocation of the piston
10, using the line that connects the shaft bearings 20, 21 as
a fulcrum. The shiding surface S also inclines due to the
inclination of the swash plate 3 and thus, the cylinder block
6 rotates 1n accordance with the rotation of the shaft 1. For
example, as 1llustrated 1n FIGS. 1 and 2, 1n a case where the
inclination angle from an X-Z plane 1s a, when the cylinder
block 6 rotates counterclockwise as viewed in the X direc-
tion, the shoe 4 slides circularly or elliptically along the
sliding surface S and accordingly, the piston 5 1nside each of
the cylinder bores 25 reciprocates.

When the piston 5 moves to the side of the swash plate 3,
the o1l 1s sucked from a suction port P1 mnto each of the
cylinder bores 235 via a valve plate 7. When the piston 5
moves to the side of the valve plate 7, the o1l inside each of
the cylinder bores 25 i1s discharged, via the valve plate 7,
from the discharge port P2 as a high-pressure working o1l.
The amount of the working o1l discharged from the dis-
charge port P2 i1s variably controlled by adjusting the incli-
nation of the swash plate 3.

|Configuration of Valve Plate and Cylinder Block]

The valve plate 7 fixed to the side of the end cap 8 and the
cylinder block 6 which rotates are 1n contact with each other
via a shiding surface Sa. FIG. 3 1s a line B-B cross-sectional
view of the hydraulic pump 1illustrated 1n FIG. 1. FIG. 4 1s
a view 1llustrating a configuration of the sliding surface Sa
of the cylinder block 6 with respect to the valve plate 7 when
viewed 1n the —X direction. An end surface on the side of the
sliding surface Sa of the valve plate 7 and an end surface on
the side of the sliding surface Sa of the cylinder block 6
illustrated 1n FIGS. 3 and 4 slide over each other by the
rotation of the cylinder block 6.

As 1llustrated 1n FI1G. 3, the valve plate 7 includes a valve
plate suction port PB1 that communicates with the suction
port P1, and a valve plate discharge port PB2 that commu-
nicates with the discharge port P2. Opening shapes of the
valve plate suction port PB1 and the valve plate discharge
port PB2 extend circumierentially on the same arc centered
around the rotation axis C, and are annular band shapes that
do not include a top dead point and a bottom dead point. As
illustrated 1n FI1G. 4, the ports of the nine cylinder bores 235
(cylinder ports 25P) where the piston 3 reciprocates are
provided on the side of the sliding surface Sa of the cylinder
block 6 at equal intervals and on the same arc where the
valve plate suction port PB1 and the valve plate discharge
port PB2 are disposed. An opeming shape of the cylinder port
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25P extends circumierentially on the same arc where the
valve plate suction port PB1 and the valve plate discharge
port PB2 are disposed, and 1s an annular band shape that
does not communicate with the valve plate suction port PB1
and the valve plate discharge port PB2 when positioned at
the top dead point and the bottom dead point.

In FIGS. 3 and 4, when the cylinder block 6 rotates
clockwise as viewed 1n a direction toward the —X direction,
as 1n FIG. 3, the discharging process 1s performed on the side
of the valve plate discharge port PB2 which is at the upper
side of the drawing, and the suction process 1s performed on
the side of the valve plate suction port PB1 which 1s at the
lower side of the drawing. Accordingly, 1n such case, the
right end side of the drawing 1n FIG. 3 becomes the top dead
point where the discharging process has switched to the
suction process and where the piston 5 has entered maxi-
mally to the side of the sliding surface Sa inside the cylinder
bore 25. The high-pressure state inside the cylinder bore 235
shifts to the low-pressure state. On the other hand, the left
end side of the drawing 1n FIG. 3 becomes the bottom dead
point where the suction process has switched to the dis-
charging process and where the piston 5 has moved furthest
away from the side of the sliding surface Sa inside the
cylinder bore 25. When the cylinder port 25P passes the
bottom dead point, the low-pressure state shifts to the
high-pressure state.

As illustrated 1n FIG. 3, a notch 26 1s provided in the valve
plate 7. The notch 26 1s provided so as to extend from the
end portion of the valve plate discharge port PB2 on the side
of the bottom dead point to the side of the bottom dead point.
The notch 26 has a function of regulating the self-pressure
of the cylinder bore 25 before the cylinder bore 25 commu-
nicates with the valve plate discharge port PB2. By provid-
ing the notch 26, the pressure 1nside the cylinder bore 25
gradually gets close to the pressure inside the valve plate
discharge port PB2 right before the cylinder bore 25 com-
municates with the valve plate discharge port PB2. Conse-
quently, the erosion and noise of the cylinder bore 23 caused
when the cylinder bore 25 communicates with the valve
plate discharge port PB2 are suppressed.

As illustrated i FIG. 3, a residual pressure release port 30
1s provided 1n the valve plate 7. The residual pressure release
port 30 1s provided 1n a region within a rotational movement
region E of the cylinder port 25P and from the vicinity of the
top dead point to the valve plate suction port PB1. The
residual pressure release port 30 i1s provided at a position
being able to communicate with the cylinder bore 235 before
the cylinder bore 25 communicates with the valve plate
suction port PB1. The residual pressure release port 30 1s
connected to a working o1l tank T via a tflow path L1. The
working o1l tank T 1s connected to the valve plate suction
port PB1 via a tlow path L.

The working o1l tank T 1s provided with a partition plate
50 that partitions the working o1l into regions E1, E2 1n the
horizontal direction. The working oi1l, inside the cylinder
bore 25, which contains a large amount of air flows 1nto the
region E1 via the flow path 1. The working o1l 1s supplied
from the region E2 to the valve plate suction port PB1 via
the flow path L. The air in the working o1l that has flowed
into the region F1 1s removed 1n the region El. The clean
working o1l with the air reduced 1n the region E1 flows 1nto
the region E2 via the upper portion of the partition plate 50.
In the region E2, a shielding plate 51 that extends horizon-
tally 1s provided at the upper portion of an outlet port for the
working oil. By providing the shielding plate 51, the clean
working o1l that does not contain settled dust or the like 1s
supplied to the side of the valve plate suction port PB1.
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From a position where the cylinder port 25P 1s at the top
dead point, that 1s, a position where the circumierential tip
end of the cylinder port 25P in the rotation direction 1s at an
angle 00, to a position where the cylinder bore 25 commu-
nicates with the residual pressure release port 30 (rotation
assist region A01), the rotation of the cylinder block 6 1is
assisted by the compressed working o1l mside the cylinder
bore 25. Conventionally, the working o1l 1n the suction port
P1 1s assisted using an impeller (not illustrated) that uses the
rotational force of the shaft 1; however, depending on the
types of devices, there 1s a case where the impeller does not
have to be used by performing the rotation assist. Therefore,
by performing the rotation assist as much as possible, energy
celliciency can be mmproved while the structure becomes
simple.

Thereafter, until the circumierential tip end of the cylinder
port 25P passes an angle 01 and the cylinder bore 25
communicates with the residual pressure release port 30, and
the cylinder bore 25 communicates with the valve plate
suction port PB1 when the circumierential tip end of the
cylinder port 25P 1s at an angle 02 (residual pressure release
region AD2), the compressed working o1l inside the cylinder
bore 25 flows mto the working o1l tank T via the residual
pressure release port 30 and the tlow path 1. As a result, a
residual pressure 1nside the cylinder bore 25 1s decreased.

[Opening Shapes of Cylinder Port and Valve Plate Suction
Port|

As 1llustrated i FIG. 5, an opening shape PB1b of an end
portion on the rear side in the rotational direction of a
conventional valve plate suction port PB1 has an arc pro-
jecting toward the rear end side. Similarly, an opening shape
Sla of an end portion on the front side in the rotational
direction of the cylinder port 25P has an arc projecting
toward the tip end side. Therefore, when the cylinder port
25P communicates with the valve plate suction port PB1 at
the angle 02, they contact each other at a point and the
communicating area has been enlarged gradually 1n accor-
dance with the rotation of the cylinder block 6.

In the present embodiment, the opening shape PB15b of the
end portion on the rear side 1n the rotational direction of the
valve plate suction port PB1 is an opening shape B1b of an
end portion on the rear side i the rotational direction
thereol. In addition, the opening shape B1b of the end
portion on the rear side 1n the rotational direction and the
opening shape S1a of the end portion on the front side 1n the
rotational direction have the same shape. That 1s, when the
cylinder port 25P communicates with the valve plate suction
port PB1 in accordance with the rotation of the cylinder
block 6, the opening shape Sla of the end portion on the
front side 1n the rotational direction of the cylinder port 25P
and the opening shape B1b of the end portion on the rear side
in the rotational direction of the valve plate suction port PB1
overlap. As a result, in comparison with the past, the suction
capacity in the suction process can be increased by the area
of regions E10, E11 illustrated by diagonal lines. That 1s, 1t
1s possible to suppress the reduction 1n suction capacity even
i the rotation assist region A0O1 1s set larger 1n comparison
with the past.

When the cylinder port 25P communicates with the valve
plate suction port PB1, the opening shape B1b of the end
portion on the rear side in the rotational direction of the
valve plate suction port PB1 and the opening shape Sla of
the end portion on the front side 1n the rotational direction
of the cylinder port 25P may partially have the same shape
and partially overlap.
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Both end portions 1n the radial direction of the opening
shape B1b of the end portion on the rear side 1n the rotational
direction of the valve plate suction port PB1 are chamfered

by the end mill processing.
(First Modification)

In the embodiment described above, the opeming shape
Bib of the end portion on the rear side in the rotational
direction of the valve plate suction port PB1 and the opening
shape Sla of the end portion on the front side in the
rotational direction of the cylinder port 25P have the same
shape. As illustrated 1mn FIG. 6, 1n a first modification, an
opening shape Bla of an end portion on the front side in the
rotational direction of a valve plate suction port PB1 and an
opening shape Hla of an end portion on the front side 1n the
rotational direction of a valve plate discharge port PB2 each
have the same shape as an opening shape Sib of an end
portion on the rear side in the rotational direction of a
cylinder port 25P. That 1s, when the communication between
the cylinder port 25P and the valve plate suction port PB1 1s
cut ofl 1n accordance with the rotation of the cylinder block
6, and when the communication between the cylinder port
25P and the valve plate discharge port PB2 1s cut ofl, the
opening shape S1b of the end portion on the rear side in the
rotational direction of the cylinder port 25P overlaps an
opening shape Bla of am end portion on the front side in the
rotational direction of the valve plate suction port PB1 and
an opening shape Hla of an end portion on the front side 1n
the rotational direction of the valve plate discharge port PB2.
As a result, the suction area and the discharge area can be
larger than 1n the past.

When the communication between the cylinder port 25P
and the valve plate suction port PB1 1s cut off, the opening
shape Bla of the end portion on the front side in the
rotational direction, the opeming shape Hla of the end
portion on the front side in the rotational direction, and the
opening shape S1b of the end portion on the rear side in the
rotational direction may partially be the same, and the
opening shape Bla and the opening shape Hla may each
partially overlap the opening shape S15. The opeming shape
Bla of the end portion on the front side in the rotational
direction or the opening shape Hla of the end portion on the
front side in the rotational direction may be the same or
partially be the same as the opening shape S1b6 of the end
portion on the rear side in the rotational direction.

As 1llustrated 1n FIG. 6, 1n order to enlarge the suction
area and the discharge area as described above, it 1s prefer-
able that the opening arecas of the valve plate suction port
PB1 and the valve plate discharge port PB2 be widened as
much as possible so that the cylinder port 25P does not
communicate with the valve plate suction port PB1 and the
valve plate discharge port PB2 only when the cylinder port
25P 1s positioned at a top dead point and a bottom dead
point. However, a circumierential rear end opening position
of the valve plate suction port PB1 that includes a rotation
assist region AO1 where a discharging process 1s shifted to
a suction process 1s not limited to this. In a case where a
notch 26 1s provided on the valve plate discharge port PB2,
the cylinder port 25P does not communicate with the tip end
portion of the notch 26 only when the cylinder port 25P 1s
positioned at the bottom dead point. The opening areas of the
valve plate suction port PB1 and the valve plate discharge
port PB2 are widened as much as possible so that the
cylinder port 25P does not communicate with the valve plate
suction port PB1 and the valve plate discharge port PB2 only
when the cylinder port 25P 1s positioned at the top dead point
and the bottom dead point; however, 1n consideration of
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manufacturing errors, it 1s preferable to separately position
the ports PB1 and PB2 at a predetermined margin.

(Second Modification)

According to a second modification, as 1llustrated 1n FIG.
7, the convex opening shape Sla of the end portion on the
front side 1n the rotational direction of the cylinder port 25P
1s changed to a concave opening shape S2a of an end portion
on the front side in the rotational direction, and the concave
opening shape B1b of the end portion on the rear side 1n the
rotational direction of the valve plate suction port PB1 1s
changed to a convex opening shape B2b of an end portion
on the rear side 1n the rotational direction of a valve plate
suction port PB1; therefore, the opening shape S2a of the
end portlon on the front side 1n the rotational direction and
the opening shape B2b of the end portion on the rear side in
the rotational direction have the same shape. That 1s, when
a cylinder port 25P commumnicates with the valve plate
suction port PB1 in accordance with the rotation of a
cylinder block 6, the opening shape S2a of the end portion
on the front side 1n the rotational direction of the cylinder
port 25P and the opening shape B2b of the end portion on
the rear side 1n the rotational direction of the valve plate
suction port PB1 overlap. Similar to the first modification,
when the communication between the cylinder port 25P and
the valve plate suction port PB1 1s cut off, and when the
communication between the cylinder port 25P and the valve
plate discharge port PB2 1s cut off, an opening shape S15 of
an end portion on the rear side 1n the rotational direction of
the cylinder port 25P overlaps an opening shape Bla of an
end portion on the front side 1n the rotational direction of the
valve plate suction port PB1 and an opening shape Hla of
an end portion on the front side 1n the rotational direction of
the valve plate discharge port PB2. Also in this case, the
opening shape S2a of the end portion on the front side 1n the
rotational direction and the opening shape B2b of the end
portion on the rear side i1n the rotational direction may
partially be the same.

(Third Modification)

According to a third modification, as illustrated in FIG. 8,
an opening shape of an end portion on the front side in the
rotational direction of a cylinder port 25P 1s a convex
opening shape Sla of the end portion on the front side 1n the
rotational direction, and an opeming shape of an end portion
on the rear side in the rotational direction of the cylinder port
25P 1s a concave opening shape S2b6 of the end portion on
the rear side in the rotational direction. Accordingly, an
opening shape of an end portion on the rear side 1n the
rotational direction of a valve plate suction port PB1 i1s a
concave opening shape B1b of the end portion on the rear
side 1n the rotational direction, an opening shape of an end
portion on the front side 1n the rotational direction of the
valve plate suction port PB1 1s a convex opening shape B2a
of the end portion on the front side 1n the rotational direction,
and an opening shape of an end portion on the front side 1n
the rotational direction of a valve plate discharge port PB2
1s a convex opening shape H2a of the end portion on the
front side in the rotational direction. Furthermore, the open-
ing shape Sla of the end portion on the front side in the
rotational direction and the opening shape B1b of the end
portion on the rear side 1n the rotational direction have the
same shape. The opeming shape S2b of the end portion on the
rear side 1n the rotational direction and the opening shape
B2a of the end portion on the front side in the rotational
direction have the same shape. The opening shape S2b6 of the
end portion on the rear side 1n the rotational direction and the
opening shape H2a of the end portion on the front side 1n the
rotational direction have the same shape. That 1s, when the
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cylinder port 25P communicates with the valve plate suction
port PB1 and when the communication therebetween 1s cut
oil, and when the communication between the cylinder port
25P and the valve plate discharge port PB2 1s cut ofl, one
opening shape of the end portion 1n the port overlaps the
other. Also 1n this case, the opening shapes may not have
completely the same shape, but may partially have the same
shape.

(Fourth Modification)

According to a fourth modification, as illustrated 1n FIG.
9, an opening shape of an end portion on the front side 1n the
rotational direction of a cylinder port 25P and an opening
shape of an end portion on the rear side in the rotational
direction of the cylinder port 25P are a concave opening
shape S2a of the end portion on the front side in the
rotational direction and a concave opening shape S2b6 of the
end portion on the rear side in the rotational direction,
respectively. Accordingly, an opening shape B2b of an end
portion on the rear side 1n the rotational direction of a valve
plate suction port PB1 has a convex shape, an opening shape
B2a of an end portion on the front side in the rotational
direction of the valve plate suction port PB1 has a convex
shape, and an opening shape H2a of an end portion on the
front side 1n the rotational direction of a valve plate dis-
charge port PB2 has a convex shape. Furthermore, the
opening shape S2a of the end portion on the front side 1n the
rotational direction and the opening shape B2b of the end
portion on the rear side 1n the rotational direction have the
same shape. The opeming shape S2b6 of the end portion on the
rear side 1n the rotational direction and the opening shape
B2a of the end portion on the front side in the rotational
direction have the same shape. The opening shape S2b6 of the
end portion on the rear side 1n the rotational direction and the
opening shape H2a of the end portion on the front side in the
rotational direction have the same shape. That 1s, when the
cylinder port 25P communicates with the valve plate suction
port PB1 and when the communication therebetween 1s cut
oil, and when the communication between the cylinder port
25P and the valve plate discharge port PB2 1s cut ofl, one
opening shape of the end portion 1n the port overlaps the
other. Also 1n this case, the opening shapes may not have
completely the same shape, but may partially have the same
shape

(Fifth Modification)

In the embodiment and first to fourth modifications
described above, the opening shapes of the end portions on
the front side and/or the rear side in the rotational direction
have been circular convex shapes or circular concave
shapes; however, the opening shapes of the end portions are
not limited to these, and may be of any shape. For example,
cach opening shape may have the same shape with a straight
line shape as an opening shape S3a of an end portion on the
front side 1n the rotational direction of a cylinder port 25P
and an opening shape B35 of an end portion on the rear side
in the rotational direction of a valve plate suction port PB1
illustrated 1 FIG. 10. In addition, each opening shape may
have the same shape with a wave shape having a convex/
concave shape as an opening shape S4a of an end portion on
the front side 1n the rotational direction of the cylinder port
25P and an opening shape B4b of an end portion on the rear

side 1n the rotational direction of the valve plate suction port
PB1 illustrated in FIG. 11. Also 1n these cases, the shapes
may not have completely the same shape, but may partially
have the same shape.
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The convex shape or concave shape of the opeming shape
in the embodiment and first to fourth modifications
described above includes an inverted U-shape or a U-shape,
respectively.

The components of the embodiment and first to {fifth
modifications described above can be combined as appro-
priate.

In the embodiment and first to {fifth modifications
described above, the hydraulic pump has been described as
an example; however, the invention 1s not limited to this, and
can also be applied to a hydraulic motor. In the case of the
hydraulic motor, a high-pressure side corresponds to a
discharge side of the hydraulic pump, and a low-pressure
side corresponds to a suction side of the hydraulic pump.

Also 1n this case, in accordance with the rotation of a
cylinder block 6, when a cylinder port 25P communicates
with a low-pressure port or when the communication ther-
ebetween 1s cut ofl, or when the communication between the
cylinder port 25P and a high-pressure port 1s cut ofl, each
opening shape of the end portion in the rotational direction

in the port completely or partially overlaps.

Furthermore, 1n the embodiment and first to fifth modi-
fications, the swash plate-type hydraulic pump/motor has
been described as an example; however, the invention 1s not
limited to this, and can also be applied to an inclined
shaft-type hydraulic pump/motor.

REFERENCE SIGNS LIST

1 Shaft

2 Case

3 Swash plate

4 Shoe

5, 10 Piston

6 Cylinder block

7 Valve plate

8 End cap

9a, 96 Bearing

11 Spline structure

14 Ring

15 Spring

16 Movable ring

17 Needle

18 Pressing Member

20, 21 Shaft bearing

25 Cylinder bore

25P Cylinder port

26 Notch

30 Residual pressure release port

50 Partition plate

51 Shielding plate

L, L1 Flow path

P1 Suction port

P2 Discharge port

PB1 Valve plate suction port

PB2 Valve plate discharge port

S, Sa Shiding surface

Sla, S2a, S3a, S4a Opening shape of end portion on rear
side 1n rotational direction of cylinder port

S1b, S26 Opening shape of end portion on rear side 1n
rotational direction of cylinder port

Bla, B2a Opening shape of end portion on front side in

rotational direction of valve plate suction port
B1b, B2b, B35, B4b Opening shape of end portion on rear

side 1n rotational direction of valve plate suction port
Hla, H2a Opening shape of end portion on front side in
rotational direction of valve plate discharge port

T Working o1l tank

14

The mnvention claimed 1s:

1. A hydraulic pump/motor 1n which a cylinder block with
a plurality of cylinder bores formed around a rotation axis
slides with respect to a valve plate including a high-pressure

> port and a low-pressure port, and which controls an amount
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ol reciprocation of a piston in each of the cylinder bores
depending on an inclination of a swash plate,

wherein a first opening shape of the high-pressure port
and a second opening shape of the low-pressure port
extend circumierentially on a same arc centered around
the rotation axis and are annular band shapes that do not
include a top dead point and a bottom dead point,

a third opening shape of a cylinder port in each of the
cylinder bores extends circumierentially on a same arc
where the high-pressure port and the low-pressure port
are disposed, and 1s an annular band shape that does not
communicate with the high-pressure port and the low-
pressure port at least when positioned at the top dead
point and the bottom dead point,

a fourth opening shape of an end portion on a front side
of the cylinder port and a fifth opening shape of an end
portion of a rear side of the cylinder port with reference
to a rotational direction of the cylinder block are
circular convex shapes,

a sixth opeming shape of an end portion on a front side of
the high-pressure port and a seventh opening shape of
an end portion on a rear side of the high-pressure port
in a rotational direction of the high-pressure port, and
an eighth opening shape of an end portion on a front
side of the low-pressure port 1n a rotational direction of
the low-pressure port are circular convex shapes,

a ninth opening shape of an end portion on a rear side of
the low-pressure port in the rotational direction of the
low-pressure port 1s a circular concave shape, and

the fourth opening shape of the end portion on the front
side of the cylinder port 1n a rotational direction of the
cylinder port and the ninth opening shape of the end
portion on the rear side of the low-pressure port in the
rotational direction of the low-pressure port are a same
shape.

2. A hydraulic pump 1n which a cylinder block with a
plurality of cylinder bores formed around a rotation axis
slides with respect to a valve plate including a high-pressure
port and a low-pressure port, and which controls an amount
of reciprocation of a piston in each of the cylinder bores
depending on an inclination of a swash plate,

wherein a first opening shape of the high-pressure port
and a second opening shape of the low-pressure port
extend circumierentially on a same arc centered around
the rotation axis and are an annular band shape that
does not include a top dead point and a bottom dead
point,

a third opening shape of a cylinder port in each of the
cylinder bores extends circumierentially on the same
arc where the high-pressure port and the low-pressure
port are disposed, and 1s an annular band shape that
does not communicate with the high-pressure port and
the low-pressure port at the top dead point and the
bottom dead point,

a fourth opening shape of an end portion on a front side

of the cylinder port and a fifth opening shape of an end
portion of a rear side of the cylinder port with reference
to a rotational direction of the cylinder block are
circular convex shapes,
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a s1xth opeming shape of an end portion on a front side of
the high-pressure port 1n a rotational direction of the
high-pressure port 1s a circular concave shape,

a seventh opening shape of an end portion on a rear side
of the high-pressure port 1n the rotational direction of
the high-pressure port 1s a circular convex shape,

an eighth opening shape of an end portion on a front side
of the low-pressure port and a ninth opening shape of
an end portion of a rear side of the low-pressure port 1n
a rotational direction of the low-pressure port are
circular concave shapes,

the fourth opening shape of the end portion on the front
side of the cylinder port 1n a rotational direction of the
cylinder port and the ninth opening shape of the end
portion on the rear side of the low-pressure port 1n the
rotational direction of the low-pressure port are a same
shape,

the fifth opening shape of the end portion on the rear side
of the cylinder port 1n the rotational direction of the
cylinder port, the eighth opening shape of the end
portion on the front side of the low-pressure port 1n the
rotational direction of the low-pressure port, and the
sixth opening shape of the end portion on the front side
of the high-pressure port in the rotational direction of
the high-pressure port are a same shape,

the valve plate further includes a residual pressure release
port which communicates with each of the cylinder
bores after each of the cylinder bores pass the top dead
point and before each of the cylinder bores communi-
cate with the low-pressure port, and

a {irst opening portion of the end portion on the rear side
of the low-pressure port in the rotational direction of
the low-pressure port 1s separated from the top dead
point
so as to communicate with a second opening portion of

an end portion on the front side of the cylinder port
in the rotational direction of the cylinder port after
passing a rotation assist region where rotation of the
cylinder block 1s assisted by a pressure oil inside
cach of the cylinder bores from a top dead point
position of the cylinder port and a residual pressure
release region where a pressure inside each of the
cylinder bores 1s decreased by a communication
between the residual pressure release port and each
of the cylinder bores and
so as to shift to a suction process.
3. A hydraulic pump 1 which a cylinder block with a

plurality of cylinder bores formed around a rotation axis
slides with respect to a valve plate including a high-pressure
port and a low-pressure port, and which controls an amount
ol reciprocation of a piston in each of the cylinder bores
depending on an inclination of a swash plate,

wherein a first opening shape of the high-pressure port
and a second opening shape of the low-pressure port
extend circumierentially on a same arc centered around
the rotation axis and are an annular band shape that
does not include a top dead point and a bottom dead
point,

a third opening shape of a cylinder port 1n each of the
cylinder bores extends circumierentially on the same
arc where the high-pressure port and the low-pressure
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port are disposed, and 1s an annular band shape that
does not communicate with the high-pressure port and
the low-pressure port at the top dead point and the

bottom dead point,

a fourth opening shape of an end portion on a front side
of the cylinder port and a fifth opening shape of an end
portion of a rear side of the cylinder port with reference
to a rotational direction of the cylinder block are
circular convex shapes,

a combination of eighth and ninth opeming shapes of end
portions on a front side and a rear side of the low-
pressure port in a rotational direction of the low-
pressure port differs from a combination of sixth and
seventh opening shapes of end portions on a front side
and a rear side of the high-pressure port 1n a rotational
direction of the high-pressure port,

at least one of the eighth opening shape of the end portion
on the front side and the ninth opening shape of the end
portion on the rear side of the low-pressure port 1s a
circular concave shape,

when the eighth opening shape of the end portion of the
front side of the low-pressure port in the rotational
direction of the low-pressure port 1s a circular concave
shape, the fifth opening shape of the end portion of the
rear side of the cylinder port 1n a rotational direction of
the cylinder port and the eighth opening shape of the
end portion of the front side of the low-pressure port 1n
the rotational direction of the low-pressure port are a
same shape,

when the ninth opeming shape of the end portion of the
rear side of the low-pressure port in the rotational
direction of the low-pressure port 1s a circular concave
shape, the fourth opening shape of the end portion of
the front side of the cylinder port in the rotational
direction of the cylinder port and the ninth opening
shape of the end portion of the rear side of the low-
pressure port i the rotational direction of the low-
pressure port are a same shape,

the valve plate further includes a residual pressure release
port which communicates with each of the cylinder
bores after each of the cylinder bores pass the top dead
point and before each of the cylinder bores communi-
cate with the low-pressure port, and

a first opening portion of the end portion of on the rear
side of the low-pressure port 1n the rotational direction
of the low-pressure port 1s separated from the top dead
point
so as to communicate with a second opening portion of

the end portion on the front side of the cylinder port
in the rotational direction of the cylinder port after
passing a rotation assist region where rotation of the
cylinder block 1s assisted by a pressure oil inside
cach of the cylinder bores from a top dead point
position of the cylinder port and a residual pressure
release region where a pressure imside each of the
cylinder bores 1s decreased by a communication
between the residual pressure release port and each
of the cylinder bores and
so as to shift to a suction process.
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